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ADAPTIVE ANTENNA FOR USE IN SAME 
FREQUENCY NETWORKS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is a Continuation-In-Part of U.S. patent 
application Ser. No. 09/579,084 filed May 25, 2000 entitled 
“Adaptive Antenna For Use In Same Frequency Networks' 
now U.S. Pat. No. 6,304.215 which is a divisional of U.S. 
patent application Ser. No. 09/210,117 filed Dec. 11, 1998 
entitled "Adaptive Antenna for use in Same Frequency 
Networks', now U.S. Pat. No. 6,100,843 which is a con 
tinuation of U.S. patent application Ser. No. 09/157,736 filed 
Sep. 21, 1998 entitled “Method and Apparatus Providing an 
Adaptive Antenna For Use in Same Frequency Networks,” 
now abandoned the entire teachings of which are incorpo 
rated herein by reference. 

FIELD OF THE INVENTION 

This invention relates to cellular communication Systems, 
and more particularly to an antenna apparatus for use by 
mobile Subscriber units to provide beam forming transmis 
Sion and reception capabilities. 

BACKGROUND OF THE INVENTION 

Code Division Multiple Access (CDMA) communication 
Systems may be used to provide wireleSS communication 
between a base Station and one or more mobile Subscriber 
units. The base Station is typically a computer controlled Set 
of transceivers that are interconnected to a land-based public 
switched telephone network (PSTN). The base station 
includes an antenna apparatus for Sending forward link radio 
frequency Signals to the mobile Subscriber units. The base 
Station antenna is also responsible for receiving reverse link 
radio frequency Signals transmitted from each mobile unit. 
Each mobile Subscriber unit also contains an antenna appa 
ratus for the reception of the forward link Signals and for 
transmission of the reverse linkS Signals. A typical mobile 
Subscriber unit is a digital cellular telephone handset or a 
personal computer coupled to a cellular modem. In CDMA 
cellular Systems, multiple mobile Subscriber units may trans 
mit and receive Signals on the same frequency but with 
different codes, to permit detection of Signals on a per unit 
basis. 

The most common type of antenna used to transmit and 
receive signals at a mobile Subscriber unit is a mono- or 
omni-pole antenna. This type of antenna consists of a Single 
wire or antenna element that is coupled to a transceiver 
within the Subscriber unit. The transceiver receives reverse 
link Signals to be transmitted from circuitry within the 
Subscriber unit and modulates the Signals onto the antenna 
element at a specific frequency assigned to that Subscriber 
unit. Forward link Signals received by the antenna element 
at a specific frequency are demodulated by the transceiver 
and Supplied to processing circuitry within the Subscriber 
unit. 

The Signal transmitted from a monopole antenna is omni 
directional in nature. That is, the Signal is Sent with the same 
Signal Strength in all directions in a generally horizontal 
plane. Reception of a signal with a monopole antenna 
element is likewise omnidirectional. A monopole antenna 
does not differentiate in its ability to detect a signal in one 
direction verSuS detection of the Same or a different Signal 
coming from another direction. 
A Second type of antenna which may be used by mobile 

Subscriber units is described in U.S. Pat. No. 5,617,102. The 
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2 
System described therein provides a directional antenna 
comprising two antenna elements mounted on the outer case 
of a laptop computer. The System includes a phase shifter 
attached to the two elements. The phase shifter may be 
Switched on or off in order to affect the phase of Signals 
transmitted or received during communications to and from 
the computer. By Switching the phase shifter on, the antenna 
transmit pattern may be adapted to a predetermined hemi 
Spherical pattern which provides transmit beam pattern areas 
having a concentrated Signal Strength or gain. The dual 
element antenna directs the Signal into predetermined quad 
rants or hemispheres to allow for large changes in orienta 
tion relative to the base Station while minimizing Signal loSS. 
CDMA cellular Systems are also recognized as being 

interference limited Systems. That is, as more mobile Sub 
Scriber units become active in a cell and in adjacent cells, 
frequency interference becomes greater and thus error rates 
increase. AS error rates increase, maximum data rates 
decrease. Thus, another method by which data rate can be 
increased in a CDMA system is to decrease the number of 
active mobile Subscriber units, thus clearing the airwaves of 
potential interference. For instance, to increase a current 
maximum available data rate by a factor of two, the number 
of active mobile subscriber units can be decreased by one 
half. However, this is rarely an effective mechanism to 
increase data rates due to a lack of priority amongst users. 

SUMMARY OF THE INVENTION 
Problems of the Prior Art 

Various problems are inherent in prior art antennas used 
on mobile Subscriber units in wireleSS communications 
Systems. One Such problem is called multipath fading. In 
multipath fading, a radio frequency Signal transmitted from 
a Sender (either base station or mobile Subscriber unit) may 
encounter interference on route to an intended receiver. The 
Signal may, for example, be reflected from objects Such as 
buildings that are not in the direct path of transmission, but 
that redirect a reflected version of the original Signal to the 
receiver. In Such instances, the receiver receives two ver 
Sions of the same radio signal; the original version and a 
reflected version. Since each received Signal is at the same 
frequency but the reflected Signal may be out of phase with 
the original due to reflection and a longer transmission path, 
the original and reflected Signals may tend to cancel each 
other out. This results in fading or dropouts in the received 
Signal, hence the term multipath fading. 

Single element antennas are highly Susceptible to multi 
path fading. A Single element antenna has no way of 
determining the direction from which a transmitted Signal is 
Sent and cannot be tuned or attenuated to more accurately 
detect and receive a Signal in any particular direction. 
The dual element antenna described in the aforemen 

tioned reference is also Susceptible to multipath fading, due 
to the symmetrical nature of the hemispherical lobes formed 
by the antenna pattern when the phase shifter is activated. 
Since the lobes created in the antenna pattern are more or 
leSS Symmetrical and opposite from one another, a signal 
reflected in a reverse direction from its origin can be 
received with as much power as the original Signal that is 
directly received. That is, if the original Signal reflects from 
an object beyond or behind the intended receiver (with 
respect to the Sender) and reflects back at the intended 
receiver from the opposite direction as the directly received 
Signal, a phase difference in the two Signals can create a 
multipath fading Situation. 

Another problem present in cellular communication Sys 
tems is inter-cell interference. Most cellular Systems are 
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divided into individual cells, with each cell having a base 
Station located at its center. The placement of each base 
Station is arranged Such that neighboring base Stations are 
located at approximately sixty degree intervals from each 
other. In essence, each cell may be viewed as a Six Sided 
polygon with a base Station at the center. The edges of each 
cell adjoin each other and many cells form a honeycomb like 
image if each cell edge were to be drawn as a line and all 
cells were viewed from above. The distance from the edge 
of a cell to its base station is typically driven by the 
maximum amount of power that is to be required to transmit 
an acceptable Signal from a mobile Subscriber unit located 
near the edge of a cell to that cell's base station (i.e., the 
power required to transmit an acceptable signal a distance 
equal to the radius of one cell). 

Intercell interference occurs when a mobile Subscriber 
unit near the edge of one cell transmits a signal that crosses 
over the edge of a neighboring cell and interferes with 
communications taking place within the neighboring cell. 
Typically, intercell interference occurs when Similar fre 
quencies are used for communication in neighboring cells. 
The problem of intercell interference is compounded by the 
fact that Subscriber units near the edges of a cell typically 
use higher transmit powerS So that the Signals they transmit 
can be effectively received by the intended base station 
located at the cell center. Consider that another mobile 
subscriber unit located beyond or behind the intended 
receiver may be presented at the same power level, repre 
Senting additional interference. 

The intercell interference problem is exacerbated in 
CDMA systems, since the subscriber units in adjacent cells 
may typically be transmitting on the same frequency, What 
is needed is a way to reduce the Subscriber unit antenna's 
apparent field of view, which can have a marked effect on the 
operation of the forward link (base to subscriber) by reduc 
ing the apparent number of interfering transmissions. A 
Similar improvement is needed for the reverse link, So that 
the transmitted Signal power needed to achieve a particular 
receive signal quality could be reduced. 

BRIEF DESCRIPTION OF THE PRESENT 
INVENTION 

The present invention provides an inexpensive antenna 
apparatus for use with a mobile Subscriber unit in a wireleSS 
Same frequency communication System, Such as a CDMA 
cellular communication System. 

The invention provides a precise mechanism for deter 
mining in which direction the base Station assigned to that 
unit is located and provides a means for configuring the 
antenna apparatus to maximize the effective radiated and/or 
received energy. The antenna apparatus includes multiple 
antenna elements and a like number of adjustable signal 
amplitude control and/or phase control components each 
respectively coupled to one of the antenna elements. The 
amplitude and/or phase control components are indepen 
dently operable (i.e., programmable) to affect the correction 
of respective reverse link signals to be transmitted from the 
Subscriber unit on each of the antenna elements. The ampli 
tude and/or phase control components may include a Switch, 
an amplifier, or a phase shifter. 

In one embodiment, the Signal control component is a 
Switch. In this embodiment, a Summation circuit is also 
coupled to each Switch and provides respective reverse link 
signals from the Subscriber unit to each of the Switches for 
transmission from the Subscriber unit. The Summation cir 
cuit also receives and combines the respective forward link 
Signals from each of the Switches into one received forward 
link Signal provided to the Subscriber unit. 
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4 
The Switches are also independently adjustable to affect 

the correction of the forward link Signals received at the 
Subscriber unit on each of the antenna elements. By correct 
ing for forward link Signals, the antenna apparatus provides 
rejection of Signals that are received and that are not 
transmitted from a similar direction as are the forward link 
Signals intended for the Subscriber unit. 
To allow the antenna apparatus to adapt to various ori 

entations with respect to the base Station, the antenna 
apparatus also includes a controller coupled to each of the 
Switches. The controller determines an optimal arrangement 
for Switch positions. The proper positions of each Switch 
can, for example, be determined by monitoring an optimum 
response to pilot Signal transmitted from the base Station. 
The antenna apparatus thus acts as a beam former for trans 
mission of Signals from the Subscriber unit and acts as a 
directive antenna for Signals received by the Subscriber unit. 

In other embodiments, the control component may be an 
amplifier or a phase shifter. 
Through the use of an array of antenna elements each 

having a programmable control component, the antenna 
apparatus increases the effective transmit power per bit 
transmitted. Thus, the number of active Subscriber units in a 
cell may remain the same while the antenna apparatus of this 
invention increases data rates for each Subscriber unit 
beyond those achievable by prior art antennas. Alternatively, 
if data rates are maintained at a given rate, more Subscriber 
units may become active in a single cell using the antenna 
apparatus described herein. In either case, the capacity of a 
cell is increased, as measured by the Sum total of data being 
communicated at any moment in time. 

Forward link communication capacity can be increased as 
well, due to the directional reception capabilities of the 
antenna apparatus. Since the antenna apparatus is leSS Sus 
ceptible to interference from adjacent cells, the forward link 
capacity can be increased by adding more users or by 
increasing cell radius size. 
With respect to the physical implementation of the 

antenna apparatus, one embodiment of the invention speci 
fies that first, Second, and third antenna elements are posi 
tioned at locations corresponding to corners of an equilateral 
triangle and are aligned orthogonal to a place defined by the 
triangle. Other embodiments Specify that first, Second, third, 
fourth and fifth antenna elements are positioned at locations 
corresponding to corners of a Square, with the fifth antenna 
element positioned at a location corresponding to a center of 
the Square. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects, features and advantages 
of the invention will be apparent from the following more 
particular description of preferred embodiments of the 
invention, as illustrated in the accompanying drawings in 
which like reference characters refer to the same parts 
throughout the different views. The drawings are not nec 
essarily to Scale, emphasis instead being placed upon illus 
trating the principles of the invention. 

FIG. 1 illustrates a cell of a CDMA cellular communica 
tions System. 

FIG. 2A illustrates a preferred configuration of an antenna 
apparatus used by a mobile Subscriber unit in a cellular 
System according to this invention. 

FIG. 2B shows a Switch for the antenna apparatus of FIG. 
2A 

FIG. 2C illustrates the Switch of FIG. 2B as an amplifier. 
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FIG. 2D shows the Switch of FIG. 2B as an amplifier 
coupled to a phase shifter. 

FIG. 3 is a flow chart of the processing steps performed 
to optimally Set the Switch position of each antenna element. 

FIG. 4 is a flow chart of steps performed by a perturba 
tional algorithm to optimally determine the arrangement of 
antenna elements. 

FIG. 5 illustrates flow diagram for a perturbational com 
putational algorithm for computing the phase weights to be 
assigned to each antenna element. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

FIG. 1 illustrates one cell 50 of a typical CDMA cellular 
communication System. The cell 50 represents a geographi 
cal area in which mobile subscriber units 60-1 through 60-3 
communicate with centrally located base station 160. Each 
subscriber unit 60 is equipped with an antenna 100 config 
ured according to this invention. The subscriber units 60 
provide wireleSS data and/or voice Services and can connect 
devices Such as, for example, laptop computers, portable 
computers, personal digital assistants (PDAS) or the like 
through base station 160 to a network 75 which can be a 
Public Switched Telephone Network (PSTN), a packet 
Switched computer network, or other data network Such as 
the Internet or a private intranet. The base station 160 may 
communicate with the network 75 over any number of 
different efficient communication protocols Such as primary 
rate ISDN, or other LAPD based protocols such as IS-634 or 
V5.2, or even TCP/IP if network 75 is an Ethernet network 
such as the Internet. The subscriber units 101 may be mobile 
in nature and may travel from one location to another while 
communicating with base station 104. 

FIG. 1 illustrates one base station 160 and three mobile 
subscriber units 60 in cell 50 by way of example only and 
for ease of description of the invention. The invention is 
applicable to Systems in which there are typically many 
more Subscriber units communicating with one or more base 
stations in an individual cell, Such as cell 50. 

It is also to be understood by those skilled in the art that 
FIG. 1 may be a Standard cellular type communication 
system such as a CDMA, TDMA, GSM or other system in 
which the radio channels are assigned to carry data and/or 
voice or between the base stations 104 and Subscriber units 
101. In a preferred embodiment, FIG. 1 is a CDMA-like 
System, using code division multiplexing principles Such as 
those defined in the IS-95B standards for the air interface. 

The invention provides the mobile subscriber units 60 
with an antenna 100 that provides directional reception of 
forward link radio signals transmitted from base station 160, 
as well as providing directional transmission of reverse link 
Signals, via a process called beam forming, from the mobile 
subscriber units 60 to the base station 160. This concept is 
illustrated in FIG. 1 by the example beam patterns 71 
through 73 which extend outwardly from each mobile 
Subscriber unit 60 more or less in a direction for best 
propagation towards the base station 160. By being able to 
direct transmission more or less towards the base Station 
160, and by being able to directively receive Signals origi 
nating more or less from the location of the base station 160, 
the antenna apparatus 100 reduces the effects of intercell 
interference and multipath fading for mobile Subscriber units 
60. Moreover, since the transmission beam patterns 71, 72 
and 73 are extended outward in the direction of the base 
station 160 but are attenuated in most other directions, less 
power is required for transmission of effective communica 
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6 
tion signals from the mobile subscriber units 60-1, 60-2 and 
60-3 to the base station 160. 

FIG. 2A illustrates a detailed isometric view of a mobile 
subscriber unit 60 and an associated antenna apparatus 100 
configured according to one embodiment of the present 
invention. Antenna apparatus 100 includes a platform or 
housing 110 upon which are mounted five antenna elements 
101 through 105. Within housing 110, the antenna apparatus 
100 includes switches 111 through 115, a bi-directional 
summation network or splitter/combiner 120, transceiver 
130, and control processor 140 which are all interconnected 
via bus 135. As illustrated, the antenna apparatus 100 is 
coupled via the transceiver 130 to a laptop computer 150 
(not drawn to scale). The antenna 100 allows the laptop 
computer 150 to perform wireless data communications via 
forward link signals 180 transmitted from base station 160 
and reverse link signals 170 transmitted to base station 160. 

In this embodiment, each antenna element 101 through 
105 is disposed on the surface of the housing 110 as 
illustrated in the figure. Here, four elements 101, 102, 104 
and 105 are respectively positioned at locations correspond 
ing to corners of a Square, and a fifth antenna element 103 
is positioned at a location corresponding to a center of the 
square. The distance between each element 101 through 105 
is great enough So that the relationship between a signal 
received by more than one element 101 through 105 will be 
Somewhat out of phase with other elements that also receive 
the same Signal, assuming all elements 101 through 115 have 
the same arrangement of Switch positions as determined by 
Switches 111 through 115. 
The Switches 111 through 115 can be seen arranged in an 

on position or an off position. If the arrangement of Switch 
positions of each element 101 through 105 were the same, 
each element 101 through 105 would receive the signal 
Somewhat out of phase with the other elements. 

However, according to the operation of the antenna 100 in 
this invention, the Switches 111 through 115 are indepen 
dently adjustable to affect the directionality of Signals to be 
transmitted and/or received to or from the Subscriber unit 
(i.e., laptop computer 150 in this example). By properly 
adjusting the Switch position for each element 101 through 
105, during Signal transmission, a composite beam is formed 
which may be positionally directed towards the base Station 
160. That is, the optimal arrangement for Switch positions 
for sending a reverse link signal 170 from the antenna 100 
is a Switch position for each antenna element 101 through 
105 that creates a directional reverse link signal beam former. 
The result is an antenna 100 which directs a stronger reverse 
link Signal pattern in the direction of the intended receiver 
base station 160. 

The Switch positions used for transmission also cause the 
elements 101 to 105 to optimally receive forward link 
signals 180 that are transmitted from the base station 160. 
Due to the programmable nature and the independent Switch 
positions of each element 101 through 105, only forward 
link signals 180 arriving from a direction that is more or less 
in the location of the base station 160 are optimally received. 
The elements 101 through 105 naturally reject other signals 
that are not transmitted from a Similar location as are the 
forward link Signals. In other words, a directional antenna is 
formed by independently adjusting the Switch positions of 
each element 101 through 105. 
The summation network 120 is coupled to the signal 

terminal 15, of each Switch 111 through 115. During 
transmission, the Summation network 120 provides respec 
tive reverse link Signals to be transmitted by each of the 
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switches 111 through 115. The switches 111 through 115 
affect the correction of the reverse link Signal by an arrange 
ment of Switch positions associated with that particular 
Switch 111 through 115, respectively, as set by a Switch 
control input, p. By correcting the transmitted reverse link 
signals 170 from each element 101 through 105, certain 
portions of the transmitted Signal 170 that propagates from 
each element 101 through 105 will be more in phase with 
other portions of other signals 170 from other elements 101 
through 105. In this manner, the portions of signals that are 
more in phase with each other will combine to form a Strong 
composite beam for the reverse link signals 170. The amount 
of correction provided to each antenna element 101 through 
105 determines the direction in which the stronger compos 
ite beam will be transmitted. 

The Switch positions used for transmission from each 
element 101 through 105, as noted above, provide a similar 
physical effect on a forward link frequency signal 180 that 
is received from the base station 160. That is, as each 
element 101 through 105 receives a signal 180 from the base 
station 160, the respective received signals will initially be 
out of phase with each other due to the location of each 
element 101 through 105 upon base 110. However, each 
received signal is corrected by the Switches 111 through 115. 
The adjustment brings each Signal in phase with the other 
received signals 180. Accordingly, when each Signal is 
Summed by the Summation network 120, the composite 
received signal will be accurate and Strong. 
To optimally set the correction for each switch 111 

through 115 in antenna 100, Switch position values are 
provided by the controller 140. Generally, in the preferred 
embodiment, the controller 140 determines these optimum 
Switch positions during idle periods when laptop computer 
150 is neither transmitting nor receiving data via antenna 
100. During this time, a received signal, for example, a 
forward link pilot signal 190, that is continuously sent from 
base station 160 and that is received on each antenna 
element 101 through 105. That is, during idle periods, the 
Switches 111 through 115 are adjusted to optimize reception 
of the pilot signal 190 from base station 160, such as by 
maximizing the received Signal energy or other link quality 
metric. 

The processor 140 thus determines an optimal Switch 
position for each antenna element 101 through 105 based on 
an optimized reception of a current pilot signal 190. The 
processor 140 then provides and sets the optimal Switch 
position for each adjustable switch 111 through 115. When 
the antenna 100 enters an active mode for transmission or 
reception of signals between the base station 160 and the 
laptop 150, the Switch position of each Switch 111 through 
115 remains as Set during the previous idle time period. 

Before a detailed description of Switch position compu 
tation as performed by the processor 140 is given, it should 
be understood that the invention is based in part on the 
observation that the location of the base station 160 in 
relation to any one mobile subscriber unit (i.e., laptop 150) 
is approximately circumferential in nature. That is, if a circle 
were drawn around a mobile Subscriber unit and different 
locations are assumed to have a minimum of one degree of 
granularity between any two locations, the base Station 160 
can be located at any of a number of different possible 
angular locations. ASSuming accuracy to one degree, for 
example, there are 360 different possible phase setting 
combinations that exist for an antenna 100. Each Switch 
position combination can be thought of as a set of five Switch 
values, one for each antenna element 101 through 105. 

There are, in general, at least two different approaches to 
finding the optimized Switch position values. In the first 
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8 
approach, the controller 140 performs a type of optimized 
Search in which all possible Switch position combinations 
are tried. For each combination, the Switch values are read, 
Such as from memory Storage locations in the controller 140, 
and then applied to the respective Switches 111 through 115. 
The response of the receiver 130 is then detected by the 
controller 140. After testing all possible switch position 
combinations, the one having the best recover response, 
Such as measured by maximum signal to noise ratio (the 
ratio of energy per bit, E, or energy per chip, E., to total 
interference, I), is used. 

In a Second approach, each Switch State is individually 
determined by allowing it to change while the other Switch 
values are held constant. This perturbational approach itera 
tively arrives at an optimum arrangement for each of the five 
Switches. 

FIG. 2B illustrates an example of a Signal control com 
ponent implemented as the Switch 111 of FIG. 2A. The 
Switch 111 has a Switch mechanism 200 which can be 
arranged in an open position or a closed position. AS Shown, 
the Switch mechanism 200 is in an open position. 

FIG. 2C shows another embodiment in which the Switch 
200 has been replaced with a gain adjustable amplifier 210 
to provide a signal control component. The amplifier 210 
can adjust the amplitude of Signals coming from or signals 
going to each antenna element. 
As shown in FIG. 2D, the amplifier 210 can also be 

coupled to a phase shifter 220. The phase shifter 220 can 
control the phase of Signals coming from or signals going to 
each antenna element. The introduction of an amplifier 210 
or phase shifter 220 provides more precise control over the 
effect of the control component on its respective antenna 
Signal. 

FIG. 3 shows steps 301 through 306 performed by the 
controller 140 according to one embodiment of the inven 
tion. In order to determine the optimal positions for Switches 
111 through 115 by the first “search” method, steps 301 
through 306 are performed during idle periods of data 
reception or transmission, Such as when a pilot Signal 190 is 
being transmitted by the base station 160. 

In step 301, the controller 140 determines that the idle 
mode has been entered, Such as by detecting certain forward 
link signals 180. Step 302 then begins a loop that will 
execute once for each possible angle or location at which the 
base station 160 may be located. In the preferred 
embodiment, this loop is executed 360 times. Step 303 then 
programs each Switch 111 through 115 with a Switch posi 
tion setting corresponding to the first location (i.e., angle 0) 
Setting. The Switch position Settings may, for example, be 
precalculated and Stored in a table, with five Switch position 
Setting for each possible angle corresponding to the five 
elements of the array. In other words, step 303 programs 
Switch position Settings for a first angle, which may be 
conceptualized as angle 0 in a 360 degree circle Surrounding 
the mobile Subscriber unit 60. Step 304 then measures the 
received pilot signal 190, as output from the Summation 
network 120. The measurement in step 304 reflects how well 
each antenna element 101 through 105 detected the receive 
pilot Signal 190 based upon the current Set of programmed 
Switch position settings applied in step 303. Step 304 saves 
the measurement as a received signal metric value. The 
metric may, for example, be a link quality metric as bit error 
rate or noise energy level per chip (E/N). 

Step 305 then returns processing to step 302 to program 
the Switches for the next set of Switch position Settings. 
Steps 302 through 305 repeat until all 360 sets of switch 
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position Settings have been programmed into Switches 111 
through 115 (step 303) and a measurement has been taken of 
the received pilot signal 190 for each of these settings (Step 
304). After step 305 determines there are no more set of 
Switch position settings, step 306 determines the best set of 
Switch position Settings as determined by which Settings 
produced the strongest receive signal metric value. Step 307 
then programs the Switches 111 through 115 with the set of 
Switch position Settings that was determined to produce this 
best result. 

During long periods of idle time, step 308 is executed 
which repeats the process periodically. Step 308 accounts for 
the fact that the antenna 100 might be moved and re-oriented 
during idle periods, thus affecting the direction and orien 
tation of the base station in relation to the antenna 100. 

In addition, the antenna may be optimized during trans 
mission. 

In this manner, steps 301 through 308 continuously 
update and Set optimal Switch positions for each antenna 
element 101 through 105. 

FIG. 4 shows processing Steps for an alternative method 
for determining the optimal Switch position Setting of 
antenna elements 101 through 105 is to use a perturbational 
algorithm. Generally, this method uses a perturbational 
algorithm to determine Switch positions in the form of 
weights for each antenna element 101 through 105. 

In step 400, one of the antenna elements 101 through 105 
is selected. In step 402, the Switch positions of the four 
remaining elements not selected in step 400 are fixed. Step 
403 then varies the Switch position of the non-fixed element 
selected in step 401 until the position which maximizes the 
pilot signal metric is determined. Then, the process repeats 
by returning to step 401 where the previously selected 
element is fixed to this optimum Switch position and the 
Switch position of one of the other elements is varied. The 
proceSS continues until each element is configured with an 
optimal Setting. AS the process iterates, the Switch positions 
of each element converge to an optimum Setting. 

FIG. 5 illustrates a more detailed flow diagram for imple 
menting a perturbational algorithm to determine optimal 
Switch positions for each antenna element. The flow diagram 
in FIG. 5 may be used in place of the processing Steps 
performed by the controller 140 in FIG. 3. 

The algorithm fixes a value for four of the five unknown, 
optimum Switch positions Wil, e.g. W2 through W5). 
The algorithm perturbs the system and observes the 
response, adapting to find the optimum arrangement for the 
unfixed Switch arrangement, e.g. W1). The measured link 
quality metric, in this case E/I is fed to a first gain block 
G. Again input G is fed to a second gain block G. A first 
fast "clock” date value, CLK1, which alternates from a value 
of “1” to a value of “-1” is inverted by I1 and fed to a first 
multiplier M1. The other input of multiplier M1 is fed by the 
gain block G. 

The output of m1 is fed to a second multiplier M2 together 
with the output of G1. An integrator N1 measures an average 
level and provides this to the latch L. A slow clock CLK2, 
typically alternating at a rate which varies between “1” and 
“0” and is much slower than CLK1, by at least 100 times, 
drives the latch “clock” C. The output of the latch L is 
Summed by Summation block S with the non-inverted output 
of M2. The result, Wil, is a value which tends to seek a 
localized minima of the function. 

The process shown in FIG. 5 is then repeated by setting 
the first unfixed Switch position arrangement WI1 to the 
derived value, setting W3 to W5 to a fixed arrangement 
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10 
and letting w2 be the output of this process. The process 
continues to find optimum arrangement for each of the five 
unknown Switch arrangements. 

Alternatively, instead of varying a Switch position 
assigned to each antenna element 101 through 105, the 
Switch position arrangement for each element can be Stored 
in a table of Vectors, each vector having assignments for the 
five elements 101 through 105. The five values in each 
vector can be computed based upon the angle of arrival of 
the receive pilot Signal. That is, the values for each antenna 
element are Set according to the direction in which the base 
Station is located in relation to the mobile Subscriber unit. 
The angle of arrival can be used as a value to lookup the 
proper vector of weights (and/or phase Settings) in the table 
in a case where amplifiers 210 or phase 220 are used. By 
using a table with vectors, only the Single angle of arrival 
calculation needs to be performed to properly Set the States 
for each element 101 through 105. 
The antenna apparatus in preferred embodiments of the 

invention is inexpensive to construct and greatly increases 
the capacity in a CDMA interference limited system. That is, 
the number of active Subscriber units within a single cell in 
a CDMA system is limited in part by the number of 
frequencies available for use and by Signal interference 
limitations that occur as the number of frequencies in use 
increases. AS more frequencies become active within a 
Single cell, interference imposes maximum limitations on 
the number of users who can effectively communicate with 
the base Station. Intercell interference also contributes as a 
limiting factor is cell capacity. 

Since this invention helps to eliminate interference from 
adjacent cells and Selectively directs transmission and recep 
tion of Signals from each mobile unit equipped with the 
invention to and from the base Station, an increase in the 
number of users per cell is realized. 

Moreover, the invention reduces the required transmit 
power for each mobile Subscriber unit by providing an 
extended directed beam towards the base Station. 

Alternative physical embodiments of the antenna include 
a four element antenna wherein three of the elements are 
positioned at corners of an equilateral triangular plane and 
are arranged orthogonally and extend outward from that 
plane. The fourth element is similarly situated but is located 
in the center of the triangle. 
While this invention has been particularly shown and 

described with references to preferred by those skilled in the 
art that various changes in form and details may be made 
therein without departing from the Spirit and Scope of the 
invention as defined by the appended claims. Those skilled 
in the art will recognize or be able to ascertain using no more 
than routine experimentation, many equivalents to the Spe 
cific embodiments of the invention described specifically 
herein. For example, there can be alternative mechanisms to 
determining the proper phase for each element, Such as 
Storing Switch position arrangement in a linked list or a 
database instead of a table. Moreover, those skilled in the art 
of radio frequency measurement understand there are vari 
ous ways to detect the origination of a signal Such as the 
receive pilot Signal. These mechanisms for determining the 
location of Signal origination are meant to be contemplated 
for use by this invention. Once the location is then known, 
the proper Switch positions for elements may be obtained. 
Such equivalents are intended to be encompassed in the 
Scope of the claims. 
What is claimed is: 
1. An antenna apparatus for use with a Subscriber unit in 

a wireleSS communication System, the antenna apparatus 
comprising: 
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a plurality of antenna elements, 
a like plurality of Signal control components, each respec 

tively coupled to one of the antenna elements, 
the Signal control components being independently 

adjustable to affect the correction of respective reverse 
link Signals to be communicated between the Subscriber 
unit on each of the antenna elements and a base Station, 
to form a composite beam which may be positionally 
directed to maximize a received or transmitted Signal to 
noise ratio to or from a base Station; and 

wherein an optimal arrangement for the State of the Signal 
control components is determined from parameters of a 
received pilot signal transmitted from the base Station. 

2. The antenna apparatus of claim 1, wherein the Signal 
control components are Switches which may be placed in an 
open or closed position. 

3. The antenna apparatus of claim 1 wherein the Signal 
control components are amplifiers having an adjustable gain 
control. 

4. The antenna apparatus of claim 1, wherein the optimal 
arrangement of the control components is an arrangement 
for each of the antenna elements Such that upon transmission 
of reverse link Signals from the Subscriber unit, a directional 
reverse link Signal beam is formed via the antenna elements 
to reduce emission in a direction of other receivers not 
intended to receive the reverse link Signal. 

5. The antenna apparatus of claim 1, wherein the optimal 
arrangement for the control components is set for each of the 
antenna elements Such that Signal power to interference ratio 
is maximized. 

6. The antenna apparatus of claim 1, wherein the optimal 
arrangement for the control components is set for each of the 
antenna elements Such that bit error rate is minimized. 

7. The antenna apparatus of claim 1, wherein the optimal 
arrangement for the control components is set for each of the 
antenna elements Such that upon reception of a forward link 
Signal at the Subscriber unit, a directional receiving antenna 
is created from the antenna elements to detect a forward link 
Signal pattern Sent from the direction of an intended trans 
mitter and to SuppreSS detection of Signals received from 
directions other than the direction of Signals from the 
intended transmitter. 

8. The antenna apparatus of claim 7, wherein the optimal 
arrangement for the control components is Such that for each 
of the antenna elements Such that upon reception of a 
forward link Signal at the Subscriber unit, a directional 
receiving antenna is created from the antenna elements to 
detect a forward link Signal pattern Sent from an intended 
transmitter and to Suppress detection of a signal pattern 
received from a direction other than the direction of the 
Signal from the intended transmitter. 

9. The apparatus of claim 1, further including: 
first, Second, third, fourth, and fifth antenna elements, 
first, Second, third, fourth, and fifth Signal control 

components, each respectively coupled to the forth and 
fifth antenna elements to transmit and receive signals 
therefrom; 
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12 
the fourth and fifth Signal control components also being 

independently adjustable to correct the respective 
reverse link Signals to be transmitted from the Sub 
Scriber unit on each of the fourth and fifth antenna 
elements, thus allowing low transmit power to be used 
in the Subscriber unit due to directional beam forming 
that occurs caused by correction of Signals to be 
transmitted from the first, Second, third, fourth, and 
fifth antenna elements. 

10. The antenna apparatus of claim 9 wherein the first, 
Second, third, fourth, and fifth adjustable Signal control 
components are independently adjustable to correct the 
respective forward link Signals received at the Subscriber 
unit on each of the first, second, third, fourth, and fifth 
antenna elements thus providing rejection of Signals that are 
received and that are not transmitted from a similar location 
as are the forward link Signals intended for the Subscriber 
unit. 

11. The antenna apparatus of claim 9, wherein the first, 
Second, third, and fourth antenna elements are positioned at 
locations corresponding to corners of a Square, and the fifth 
antenna element is positioned at a location corresponding to 
a center of the Square. 

12. The antenna apparatus of claim 1 wherein the control 
components are independently adjustable to correct the 
respective forward link Signals received at the Subscriber 
unit at each of the antenna elements thus providing rejection 
of Signals that are received and that are not transmitted from 
the same direction as are the base Station which transmits the 
forward link signals intended for the subscriber unit. 

13. The antenna apparatus of claim 1 further comprising 
a Summation network coupled to the control components, 
the Summation network providing the respective reverse link 
Signals from the Subscriber unit to each of the control 
components for transmission from the Subscriber unit, and 
the Summation network receiving and combining the respec 
tive forward link Signals from each of the control compo 
nents into one received forward link Signal provided to the 
Subscriber unit. 

14. The antenna apparatus of claim 1 in which multiple 
Subscriber units transmit code division multiple acceSS Sig 
nals on a common carrier frequency. 

15. The antenna apparatus of claim 14 wherein the code 
division multiple access Signals are transmitted within a cell, 
each cell containing a base Station and a plurality of mobile 
units, each mobile unit attached to an antenna apparatus. 

16. The antenna apparatus of claim 1 comprising a System 
for providing wireleSS communications among a plurality of 
Subscribers using spread spectrum Signaling for transmis 
Sion of a plurality of desired traffic Signals from a Subscriber 
unit to a base Station unit on a common carrier frequency 
within a defined transmission region. 

17. The antenna apparatus of claim 1 further including a 
Single receiver coupled to the Signal control components, 
wherein outputs of the Signal control components are fed to 
the receiver. 


